Peptic ulcer is the most common gastrointestinal disorder in clinical practice. There is evidence concerning the participation of reactive oxygen species in the etiology and pathophysiology of human diseases, such as neurodegenerative disorders, inflammation, viral infections, autoimmune pathologies and digestive system disorders such as gastrointestinal inflammation and gastric ulcer\[[@ref1]\]. Study have shown that alteration in the antioxidant status following stress-induced ulcer indicate free radicals are directly implicated in the mechanism of stress-induced ulceration in rats\[[@ref2]\]. Considering the several side effects (arrhythmias, impotence, gynaecomastia and hematopoietic changes) of modern medicine, indigenous drugs possessing fewer side effects should be looked for as a better alternative for the treatment of peptic ulcer\[[@ref3]\].

The edifice of the drug science of Ayurveda stands on a strong foundation of the basic fundamentals of *pancha-mahabhutas* and *tridosa*. The three *doshas*, namely *vata, pitta* and *kapha* are biological representatives for physiological functions in the state of homeostasis and for pathological disorders in the state of imbalance\[[@ref4]\]. The vitiation of *pitta dosha* lead to impairment of *agni* resulted in to *amlapitta* (hyperacidity), *grahani roga* (malabsorption syndrome) and other gastrointestinal disorders. Triphala formulation is one of the renowned Ayurvedic formulation used alone or along with other ingredients in Ayurvedic therapeutics for the treatment of gastrointestinal problems. It is categorized as tridoshik rejuvenator and reported to be an antioxidant rich herbal formulation\[[@ref5][@ref6]\]. As per Ancient text, one of the *Triphala* formulations called as *Chinnodbhavadi kwath* (decoction) is used for chronic hyperacidity and gastric problems\[[@ref7]\]. Pharmacological studies have shown that *Triphala* extract possess antioxidant activity and reduce the damage due to oxidative stress\[[@ref8]\]. It has been reported to be cytotoxic to breast cancer cells and prostate cancer cells\[[@ref9]\], radio protective\[[@ref6]\]and displays antidiabetic and free radicals scavenging activities\[[@ref10]\].

The present study was thus aimed to investigate the comparative gastroprotective effects of *Triphala* formulations in stress-induced gastric ulcer in rats to determine which of the two formulation- *Triphala* equal or *Triphala* unequal is better for the above property and to ascertain whether this property is retained when *Triphala* formulation used as an ingredient of *Chinnodbhavadi kwath* (decoction) to substantiate its traditional claim.

Fruits of *Terminalia chebula* Retz. (Combretaceae), *Terminalia belerica* (Gaertn) Roxb. (Combretaceae) and *Emblica officinalis* Gaertn. (Euphorbiaceae) were collected from forest of Dang and Valsad (Gujarat, India) in the month of December (2005). Stem of *Tinospora cordifolia* (Willd.) Miers. (Menispermaceae), stem bark of *Azadirachta indica* A. Juss. (Meliaceae) and leaves of *Trichosanthes dioica* Roxb. (Cucurbitaceae) were collected from forest of Barda hills, Jamnagar (Gujarat, India) in the month of September and October 2005. The plant materials were authenticated and voucher specimens of each submitted to phamacognosy laboratory of Institute of Postgraduate Teaching and Research, Gujarat Ayurved University, Jamnagar, India. *Triphala* unequal formulation was prepared by mixing one part of *T. chebula*, two parts of *T. belerica* and four parts of *E. officinalis*\[[@ref5][@ref11]\] and *Triphala* equal formulation was prepared by mixing these three ingredients in equal proportion (1:1:1)\[[@ref12]\]. *Chinnodbhavadi kwath* (decoction) was prepared by mixing equal proportion of *T. chebula, T. belerica, E. officinalis, T. cordifolia, A. indica* and *T. dioica*. Coarse powder (48 g) of mixture and 768 g water was added; boiled on low to medium heat till the liquid portion was reduced to 1/8^th^ of the original volume (96 g) and filtered\[[@ref11]\]. All chemicals used in the study and for biochemical assay were of analytical grade.

*Triphala* formulations and their ingredients were standardized using gallic acid as a marker compound by HPTLC finger print. The plate was developed in toluene:ethyl acetate:formic acid (5:5:1) solvent system. Gallic acid was observed at 0.52 Rf value, when scanned at 254 nm. *E. officinalis, T. belerica, T. chebula* and all three *Triphala* formulations shows almost the same Rf values as observed for gallic acid ([fig. 1](#F1){ref-type="fig"}). The concentration of trace heavy metals such as lead, cadmium, arsenic and mercury present in formulations were analyzed by Atomic Absorption Spectrophotometer. The data obtained indicated that trace metals do not seem to be present in significant quantities in *Triphala* equal, *Triphala* unequal formulations and *Chinnodbhavadi kwath*.

![Comparative HPTLC fingerprints of *Triphala* formulations and their ingredients with gallic acid. 1- *E. officinalis*, 2- *T. belerica*, 3- *T. chebula*, 4- *A. indica*, 5- *T. cordifolia*, 6- *T. dioica*, 7- *Triphala* equal formulation, 8- *Triphala* unequal formulation, 9- Chinnodbhavadi kwath and 10- Gallic acid.](IJPhS-73-682-g001){#F1}

Adult Wistar rats (180 to 220 g) of either sex were used in the experiment. The animals were maintained under standard conditions of temperature, humidity and exposed to 12 h light and dark cycles. All animals were exposed to the same environmental conditions and were maintained on standard diet and water *ad libitum*. The experimental protocol was approved by the Institutional Animal Ethical Committee as per guidelines of Committee for the Purpose of Control and Supervision on Experiments on Animals, India.

Acute oral toxicity of *Triphala* formulations were carried out in female rats as per the 423 guideline of OECD (Organization of Economic Co-operation and Development)\[[@ref13]\]. The formulations were tested at limit dose of 2000 mg/kg body weight of female rats. The result showed that *Triphala* formulations did not produce any changes in observed parameters and there was no mortality at the dose level tested. Hence, animal dose of *Triphala* formulations were fixed on the basis of human therapeutic dose mentioned in literatures\[[@ref11][@ref12]\].

Rats were randomized in to six groups, each consisting of six animals. Group (I) normal control group and Group (II) stress control group, received vehicle as an aqueous suspension of 1% carboxymethyl cellulose (CMC) in the dose of 10 ml/kg body weight. Rats of group (III) and (IV) received *Triphala* equal and *Triphala* unequal formulations, respectively in a dose of 540 mg/kg. *Triphala* formulations were suspended in 1% CMC and administered orally once daily for seven consecutive days to respective groups. Rats of group (V) were treated with *Chinnodbhavadi kwath* in a dose of 8.7 ml/kg for seven days. Group (VI) was treated with omeprazole 48, 24 and 1 h prior to induction of ulcers in a dose of 20 mg/kg and used as a positive control group.

Water immersion stress-induced gastric ulcer was induced by following the method described earlier\[[@ref14]\]. On seventh day, the individually over night fasted rats were exposed to the water immersion stress inside specially arranged containers, which were made up of plexi-glass with holed lids. The rats were sacrificed at the end of 14 h period after water immersion stress. Abdominal cavity was opened carefully and the stomach was excised for assessment of ulcer index and tissue biochemical studies.

The stomach was excised, cleaned and opened along its greater curvature and the inner surface gently washed with cold saline solution and examined for ulceration with a magnifying lens. Severity and total number of ulcers in each rat were recorded for calculating ulcer index\[[@ref15]\]. The scoring was done as, 0- no visible ulcer, 1- maximum diameter of 1 mm, 2- maximum diameter of 1-2 mm, 3- maximum diameter of 2-3 mm, 4- maximum diameter of 3-4 mm, 5- maximum diameter of 4-5 mm, 10- An ulcer over 5 mm in diameter, 25- A perforated ulcer.

The stomach was subsequently divided in to longitudinal pieces and stored immediately at -20° for estimation of tissue biochemical parameters. Protein content was quantitated using bovine serum albumin as a standard and was expressed as mg/g wet tissue\[[@ref16]\]. Lipid peroxidation (LPO) was measured as thiobarbituric acid reactive substances (TBARS) formation\[[@ref17]\]. TBARS concentrations were calculated by the use of malondialdehyde (MDA) as a standard and results were expressed as nmol MDA/g tissue. Hydroxyl radical ion react with thiobarbituric acid resulted in to pink colour which was estimated and the results were expressed as Unit/mg protein\[[@ref18]\].

Superoxide dismutase (SOD) activity was determined by the nitro blue tetrazolium reduction method\[[@ref19]\]. One unit of enzyme activity that inhibit rate of reaction by 50% in one minute under the defined assay conditions and the results have been expressed as Unit/mg protein. Catalase in stomach tissue was measured and content was expressed as μmoles H~2~O~2~ consumed/mg protein/min\[[@ref20]\]. Glutathione present was estimated by the method of Grunert and Phillips\[[@ref21]\] and the results were expressed as nmol/g wet tissue.

The estimation of adenosine triphosphatases includes Na^+\_^K^+^-ATPase\[[@ref22]\], Ca^2+^-ATPase\[[@ref23]\] and Mg^2+^-ATPase\[[@ref24]\]. The concentrations of ATPase were expressed as μmoles of phosphorus liberated /mg protein/min at 37°. Deoxyribonucleic acid and ribonucleic acid was estimated in stomach mucosa, homogenized in trichloro acetic acid and extracted with alcohol diethyl ether reagent as per the method described previously\[[@ref25]\].

The data are expressed as mean±standard error of mean for six rats per experimental group. One way analysis of variance (ANOVA) was used to compare the mean values of quantitative variables among the groups followed by Dunnet\'s multiple *t*-test for unpaired data to determine significant difference between groups at *P*\<0.05.

*Triphala* is considered as one of the most important formulation in Ayurvedic therapeutics for its multiple organ protective effects including gastroprotection. Various physical and psychological stresses cause gastric ulceration in humans and experimental animals. Oxidative damage is considered to be common factor in the pathogenesis of ulcers by different experimental and clinical models. The increases in free radicals generation during stress are held responsible for induction of ulcers\[[@ref26]\]. In the present study, rats subjected to water immersion stress showed significant increased in ulcer index as shown in ([Table 1](#T1){ref-type="table"}). Rats pretreated with *Triphala* unequal formulation (*P*\<0.05) and *Chinnodbhavadi kwath* (*P*\<0.05) showed significant reduction in ulcer index when compared with the stress control group. *Triphala* equal formulation exhibited a moderate non-significant decrease in ulcer index.
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It is observed that stress procedure significantly elevated the lipid peroxidation and hydroxyl radicals (*P*\<0.05) and concomitantly reduced the activity of SOD, catalase and total glutathione (*P*\<0.05) content in gastric mucosa of rats which is indicative of oxidative stress ([Table 1](#T1){ref-type="table"}). Cell membrane lipid is very susceptible to hydroxyl radical attack and initiates the formation of LPO. *Triphala* unequal formulation and *Chinnodbhavadi kwath* treatment improve stomach oxidative balance in rats because they were able to reduce the level of hydroxyl radical and malondialdehyde, a good indicator of lipid peroxidation\[[@ref17]\]. *Triphala* unequal formulation and *Chinnodbhavadi kwath* significantly reversed the stress-induced free radical generation. This may be due to restoration of free radicals scavenging enzymes viz; SOD, catalase and glutathione in gastric mucosa [Table 1](#T1){ref-type="table"}, effectively counter acting the free radicals generated during the stress condition. Earlier study also revealed that biological activities of *Triphala* due to its ability to scavenge free radicals\[[@ref7]\]. The presence of the *in vitro* antioxidant activity of *Triphala* by scavenging oxygen radicals together with the inhibition of lipid peroxidation due to presence of phenolic compound particularly gallic acid\[[@ref9]\]. Further, the flavanoid isolated from *E. officinalis* is reported to lower the LPO level in rats\[[@ref27]\].

In rats subjected to stress, there was significant decrease in the level of membrane bound Na^+^-ATPase, Ca^2+^-ATPase and Mg^2+^-ATPase (*P*\<0.05)in comparison to normal control group ([Table 2](#T2){ref-type="table"}). *Chinnodbhavadi kwath* significantly reversed decreased level of membrane bound ATPase near to normal control group in stress condition. The effect might be due to decrease in LPO and restoration of the level of GSH significantly and thereby protecting the protein thiol and sulfahydryl groups which are essential for structural integrity and function of ATPase. It is pertinent here to refer to a previous report which suggested that *Emblica officinalis* extract\[[@ref28]\]and *Azadirachta indica*\[[@ref29]\] significantly prevented depletion of nonprotein sulfahydryl groups, that might have contributed to the protective effect of *Chinnodbhavadi kwath*.
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Increase or decrease in life span of mucosal cells can be expressed as amount of DNA and RNA in the gastric wall mucosa. The increased DNA and RNA content of gastric wall mucosa to some extent in *Triphala* unequal formulation and *Chinnodbhavadi kwath* treated groups indicate decreased cell shedding and increased life span of cells\[[@ref30]\]. A recent study suggested that phenolic compound, ascorbic acid and flavanoids in *Triphala* formulations are responsible for the protection of DNA\[[@ref6]\].

Previous report suggested that *E. officinalis, T. cordifolia* and *A. indica* produced significant antiulcer activity\[[@ref31]\]. *E. officinalis* produced antiulcer activity due to presence of saponin and tannin\[[@ref28]\]. The major antiulcer compound isolated from the aqueous extract of *A. indica* characterized to be phenolic glycoside in nature\[[@ref32]\]. *Triphala* formulation is rich source of tannins, which is known to affect the integrity of mucus membrane. Tannins with their protein precipitating and vasoconstriction effects could be advantageous in preventing ulcer development\[[@ref28]\]. Further, *Triphala* formulations contains *Terminalia belerica* and *Emblica officinalis* which are well established major antioxidants and their free radical scavenging effect is due to the presence of ellagic acid and gallic acid compared to *Terminalia chebula*\[[@ref10]\].

From the present study, it is concluded that *Triphala* formulations possess significant anti-ulcer activity. This activity depends mainly on inhibition of free radical generation due to restoration of free radicals scavenging enzymes, enhancing the stability of gastric mucosal barrier and gastric cytoprotection against stress-induced gastric ulceration in rats. Among the three formulations studied *Chinnodbhavadi kwath* and *Triphala* unequal formulation provides significant protection against gastric ulcer as compared to *Triphala* equal formulation. The reason for the observed efficacy of this preparation is the increased quantity of two of its ingredients namely *Terminalia belerica* and *Emblica officinalis* in *Triphala* unequal formulation. Of the two, *Emblica officinalis* is well-known for its cytoprotective effect. *Chinnodbhavadi kwath* produced antiulcer effect due to the presence of *Triphala* formulation along with *T. cordifolia* and *A. indica*.
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